Gas stations are important emissions source of benzene (C 6 H 6 ), toluene (C 7 H 8 ), ethylbenzene (C 8 H 10 ), and ortho, meta and para-xylene (C 8 H 10 )-better known by the acronym BTEX. The objective of this study was to determine the concentrations of BTEX compounds in the ambient air of ten gas stations in the cities of Salvador and Feira de Santana, Bahia, Brazil and evaluate the health risks to workers. Passive samplers diffusive of the Radiello®, containing activated carbon as adsorbent, were used. The samplers were exposed for 8 h and then the analytes were recovered by chemical desorption with CS 2 and determined by GC-FID. The BTEX concentrations found in the ambient air of gas stations ranged from 46.72 -435.43 μg·m −3 for benzene;
centrations of toluene, ethylbenzene and xylenes found in gas stations were lower than the limits recommended by the US NIOSH and NR-15 of the Ministry of Labour of Brazil; however, it should be considered the risks due to chronic exposure of workers. Benzene concentrations in three gas stations were above the exposure limit recommended by NIOSH (3.20 × 10 2 μg·m −3 ). Samplings were also held outdoors at 250 m of two gas stations. The total concentrations of the BTEX compounds were equal to 24.97 and 35.51 μg·m −3 , and benzene concentrations were about 3 -4 times higher than the annual pattern of 5.0 μg·m −3 established by Union European, as tolerance limit for outside areas. These data confirm that the next areas of gas stations are subject to the effects of volatilization of these compounds. Additionally, the values found in the 10 gas stations for the cancer risk ranged from 4.06 × 10 −5 -3.78
ues found are about 40 -378 times above the acceptable limit and reinforce the need to adopt urgent measures to reduce or eliminate exposure of workers to the BTEX compounds. The average non-cancer risk to benzene, toluene, ethylbenzene and xylenes was 1.84, 5.76 × 10 −3 , 4.59 × 10 −3 and 1.37 × 10 −1 , respectively (acceptable limit < 1). Only to benzene the average value of this risk is above 1, showing that workers are likely the adverse effects health due to exposure to benzene.
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Introduction
In recent decades, the global concern about the degradation of air quality has been increasing, and many studies have shown the impacts on the environment and human health resulting from gas emissions and potentially harmful particles into the atmosphere. In occupational environments, air pollution is directly related to the specific activities carried out on site and reaches direct way workers due to the long exposure time.
In Brazil, gas stations are establishments that play retailer resale activities of liquid fuels derivates petroleum, fuel alcohol and other automotive fuels, with equipment available for metering and the storage of fuels [1] . These activities, added with the high rate of evaporation fuels and evaporative losses from vehicle emissions are the main sources of change in the air quality in these occupational environments.
Gasoline is one of the most important petroleum fuels, and it is chemically composed of hydrocarbons containing 4 to 12 carbon atoms, which mainly belong to the classes of paraffins (normal and branched), olefins, naphthenes and aromatics [2] . The gasoline Brazilian type A is produced by refineries and delivered directly to the distributing companies, and the gasoline type C marketed in the gas stations is a mixture of gasoline type A with 27% v/v anhydrous ethyl alcohol used as additive and at most 1% v/v of benzene and 45% v/v aromatic hy-
Among the aromatic hydrocarbons present in gasoline are compounds benzene (C 6 H 6 ), toluene (C 7 H 8 ), ethylbenzene (C 8 H 10 ), and ortho, meta and paraxylenes (C 8 H 10 )-known by the acronym BTEX. These compounds are emitted to the atmosphere by the vehicle fleet (fossil fuel combustion and evaporative losses), gas stations (distribution and storage of fuels) and industrial processes [5] [6] [7] , and are classified as priority environmental pollutants because of the high toxicity and mobility [8] . Among the BTEX compounds, benzene is considered the most dangerous and has become one of the most intensely regulated substances in the world to be classified as carcinogenic to humans (group 1) by the International Agency for Research on Cancer-IARC [9] . The WHO esti-mated that benzene concentration of 1.7 μg·m −3 can cause leukemia in 10 cases per 1 million people [10] . where a vacuum pump is used to suck air into the sampling device. The application of such techniques is often ineffective, mainly due to the high cost of equipment and the need for continuous supply of electricity [26] .
Passive sampling is based on physical processes such as diffusion and permeation, without involving the active movement of air through the sampler, not requiring suction pump to force air to be sampled. The application of passive samplers when compared to conventional active techniques also has other advantages, such as simple, small and portable, easy handling and transportation to places of difficult access, and the use by workers in occupational environments. They do not need to use pumps and electricity. These features make these samplers suitable for applications in air monitoring indoor and outdoor environments [27] [28] [29] . This study aims to determine the BTEX concentrations in the air of gas stations using passive samplers, and evaluate the health risks to workers caused by exposure to these compounds. In addition, two external locations were chosen to 250 m of gas stations to verify the influence of these compounds in the surrounding areas.
Materials and Methods

Description of the Study Areas
The data were collected in 10 gas stations in the cities of Salvador, the state capital of Bahia and in Feira de Santana located 100 km from the Salvador city ( Figure 1 ). Among these, two gas stations near highways (S1 and S2), four in commercial areas (S3, S4, S6 and S7) and four in residential areas (S5, S8, S9 and S10). Sampling occurred after request to the respective managers of gas stations for access to the physical space, through the terms of agreement previous and research intent. Two external locations at 250 m of S5 and S7 gas stations designated L1 250 and L2 250, and close to hospitals, medical centers, schools, universities and/or residences were also chosen for sampling in order to check the dispersion of BTEX compounds in the areas surrounding the gas stations.
Sample Collection and Analytical Method
The compounds BTEX sampling in the gas stations were performed using passive samplers diffusive Radiello® patented by the Foundation Salvatore Maugeri (http://www.radiello.com), comprising a cylindrical diffusive surface composed of microporous polyethylene having thickness of 1.7 mm, medium porosity 25 ± 5 μm, and a diffusive path of 18 mm and a adsorbent surface comprises a cylindrical stainless steel mesh, opening 100 mesh and a diameter of 5.8 mm, filled with approximately 530 ± 30 mg of activated carbon with particle size 35 -50 mesh.
The passive samplers were exposed in gas stations near the supply pumps, in local free barriers, not to hinder the dispersion of air to the passive samplers, with height of approximately 2 m, for periods of 8 h (hours daily of workers).
After this time the samplers were removed, identified, properly wrapped in parafilm, packed in box thermic with ice and immediately transported to the la- The precision of the method was evaluated by triplicate standard mixture of BTEX in three different levels, and results expressed in terms of relative standard deviation were less than 5%.
Health Risks Calculation
The risk assessment is used to estimate the potential carcinogen and non-carcinogen adverse health effects [30] . The risks were calculated based on recommended reference doses and in working conditions of the workers of the gas stations studied ( Table 1 ). The cancer risk was calculated based on the Equation (1): was considered an acceptable level.
The non-cancer risk is expressed in terms of the hazard quotient (HQ). The
HQs were calculated based on the following Equation:
where CDI Y is the chronic daily intake average yearly and RfD is the reference dose (a level below which adverse health effects are not likely to occur) [30] .
Values RfDs for benzene, toluene, ethylbenzene and xylene were showed in Ta- 
Results and Discussion
Concentrations of BTEX Compounds in the Air of Gas Stations and External Sites
The concentrations of BTEX compounds present in the air in the gas stations are shown in Figure 2 . The variation of the results can be attributed to the different conditions in each gas station as: sales volume of gasoline, flow of cars, heavy traffic nearby and meteorological parameters.
A previous study shows that sold gasoline volume is one of the variables that can affect the BTEX concentrations in the air of gas stations, because during the ) in ambient air of the gas stations studied.
process of supply, saturated air stream with gasoline vapor is released from automobile fuel tank, and the air volume is exactly equal to the volume of gas supplied, which may have a decisive influence on air pollution in these establishments [35] .
In this study could not get the exact volume of gas marketed at each gas station due to market competition and only an estimated sale was informed. Thus, higher total concentrations of BTEX (871.82, 644.84 and 609.86 μg·m −3 , respectively) found in gas stations S1, S6 and S8 are compatible with the fact that these have the largest marketed gas volumes (>500,000 L·month −1 ).
In Brazil, the current law that treats of gas stations (CONAMA Resolution [37] ( Table 2 ).
The toluene, ethylbenzene and xylenes concentrations found in the air of the gas stations in this study did not exceed the limits stipulated by NIOSH and NR-15 (Table 2) Comparing the BTEX concentration levels obtained in this study with other cities in Brazil and the world (Figure 3) , the values found these compounds were generally higher those obtained in Rio de Janeiro/Brazil [18] , but much smaller those obtained in Bangkok/Thailand [15] , Ardabil/Iran [20] and Murcia/Spain [35] . These variations can be attributed to differences in the composition of the fuels used in other countries, and the influence of seasonal and/or weather local factors. The comparison between different studies is difficult due to the use of different experimental conditions, sampling and analysis methods. In the study conducted in the Rio de Janeiro city [18] Brazil, no restrictions regarding the location of gas stations allowing the installation these establishments close to residential areas and commercial. These data reinforce the need to review the current Brazilian legislation, both to restrict the installation of gas stations mainly near these areas, as set standards for the BTEX compounds for external and occupational areas.
Compounds BTEX concentrations obtained in areas externals at 250 m from gas stations in this study were compatible to values obtained in Rio de Janeiro [18] and Murcia [40] in similar studies confirming the dispersion these pollutants emitted from gas stations to nearby areas. Other study reports that people in the vicinity of these establishments have an increased cancer risk 3% -21% [41] , confirming the influence of the emission of BTEX for upcoming sites.
Health Risks Assessment
The results of cancer risk (CR) and non-cancer risk (HQ) for workers using the BTEX concentrations in the air of the gas stations in this study, in the 30-year period are shown in Table 3 . It is noted that except benzene, other compounds showed a non cancer risk lower than 1 (HQ < 1), indicating that no adverse health effect of workers will be observed during the exposure time. In contrast, HQ values for benzene is above 1 in 7 of the 10 gas stations (70%), revealing adverse health effects of workers due exposure to benzene emitted of the gas sta- ) for workers exposed to benzene by 30 years are above the acceptable limit by the USEPA equal 1.00 × 10 −6 (Table 3 ). These ) in outdoors at 250 m from gas stations. or eliminate the exposure of workers to BTEX compounds in gas stations. Similar results for cancer risk were reported by other authors [15] , which determined the cancer risk for workers in gas stations in Bangkok/Thailand equal to 1.75 × 10 −4 to exposure period also of 30 years.
The USEPA [42] , by cancer risk assessment, estimates that an exposed individual to benzene levels between 13 -45 μg·m −3 , the risk of developing cancer, particularly leukemia, is 1/1000. Benzene concentrations in the samples collected in gas stations in this study are 2 to 10 times larger than these levels confirming the most likely risk of workers of contracting cancer.
Conclusions
Concentrations of BTEX compounds found showed that gas stations are potentially dangerous places, especially considering exposure to benzene. The toluene, ethylbenzene and xylenes concentrations found in the air of the gas stations did not exceed the limits established by national and international agencies. The benzene concentrations exceeded the limit of exposure recommended by NIOSH in three gas stations. The continued exposure to these compounds mainly to benzene causes a physiological accumulation promoting long term damage such as cancer, mutations and cellular changes.
The values obtained in two areas externals near of gas stations showed benzene concentrations 3 -4 times higher than annual standard of 5.0 μg·m −3 established by the European Union, confirming the dispersion of pollutants emitted from gas stations to nearby areas.
The estimated cancer risk is very high, because the values found in the gas stations are about 40 -378 times above the acceptable limit set by the USEPA and reinforce the need to adopt urgent measures to reduce or eliminate the exposure of workers to BTEX compounds.
